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Introduction
9-tetrahydrocannabinol (THC), the main psychoactive constituent of Cannabis sativa, produces a wide spectrum of central and peripheral actions, including antinociception, hypothermia, immunomodulation, hypolocomotion, catalepsy, memory disruption, rewarding effects and emotional responses (Pertwee, 2008) . The central nervous system (CNS) responses to THC are mainly mediated by the CB1 cannabinoid receptor (CB1), which is a member of the family of G-protein-coupled receptors (Pertwee et al., 2010) .
Thus, the antinociceptive, hypolocomotor and hypothermic effects of THC, as well as the somatic signs of THC withdrawal, were not observed in CB1 KO mice (Ledent et al., 1999) . The discovery of CB2 cannabinoid receptors (CB2) in neurons of the CNS (Van Sickle et al., 2005) suggests that these receptors could also contribute to some central pharmacological effects of THC. Several heterologous systems, different from the endocannabinoid system, also participate in the behavioural responses induced by THC. Thus, dopamine (Sami et al., 2015) , endogenous opioids (Robledo et al., 2008) , monoamines (Viñals et al., 2015) , GABA (Radhakrishnan et al., 2015) , glutamate (Castaldo et al., 2010) , acetylcholine (Goonawardena et al., 2010) , adenosine (Justinová et al., 2014) , and several neuropeptides (Verty et al., 2004) have been shown to be involved in cannabinoid pharmacological responses.
On the other hand, orexin-A and orexin-B (also known as hypocretin-1 and hypocretin-2) are hypothalamic neuropeptides produced by the proteolysis of a common precursor, prepro-orexin (PPO) Sakurai et al., 1998) . The pharmacological effects of orexins are mediated by the activation of two different G-protein coupled receptors (OX1 and OX2) Sakurai et al., 1998) . Orexinexpressing neurons represent a small population exclusively located in the lateral hypothalamus, the perifornical area, and the dorsomedial hypothalamus, but they have 6 extensive projections throughout the brain . Consistent with this, the orexin system modulates diverse physiological processes such as sleep/wakefulness cycle (Kilduff and Peyron, 2000) , feeding behaviour (Sakurai et al., 1998) , reward processing (Plaza-Zabala et al., 2012a) , and emotional responses (Sakurai, 2014) .
Emerging findings suggest the existence of a cross-talk between the orexinergic and the endocannabinoid system (Flores et al., 2013) . Anatomical studies show an overlapping distribution of CB1 and orexin receptors in several brain areas (Marcus et al., 2001; Mackie, 2005) , and the existence of heterodimers between CB1 and OX1 has also been described (Jäntti et al., 2014) . Moreover, the activation of the OX1 leads to the production of 2-arachidonoylglycerol, suggesting that endocannabinoids could contribute to orexin effects (Ho et al., 2011) . The involvement of the endocannabinoid system in some physiological functions of orexins, such as food intake (Crespo et al., 2008; Cristino et al., 2013) and nociception (Ho et al., 2011) has been established.
However, few studies have evaluated whether orexins participate in the pharmacological effects of cannabinoids, although a crucial role for the OX1 in the reinforcing properties of the synthetic cannabinoid WIN55,212-2 has been recently shown (Flores et al., 2014a) .
The objective of this study was to elucidate the possible involvement of orexins in the acute pharmacological effects induced by THC, and the orexin receptor subtypes responsible for these effects. To achieve this purpose, selective OX1 and OX2
antagonists, OX1 knockout (KO) mice as well as PPO KO mice were used as pharmacological and genetic approaches, respectively. In addition, we investigated the brain areas responsible for these effects analyzing c-Fos expression by immunofluorescence techniques.
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Methods

Animals
Experiments were performed in male C57BL/6J mice (Charles River, L'Arbresle, France), in male PPO KO and OX1 KO mice and their wild-type (WT) C57BL/6J littermates (12 -16 weeks old). Generation of mice with a deletion of the PPO gene has been previously described (Chemelli et al., 1999) . These mice do not produce either of the orexin-A and orexin-B peptides and have been extensively characterized at the behavioural level. PPO KO mice were backcrossed for al least nine generations into C57BL/6J and genotyped, as described elsewhere (Chemelli et al., 1999) . OX1 KO (Jackson Laboratories) mice were crossed at least seven generations to C57BL/6J mice, and genotyped as previously reported (Flores et al., 2014a) . Mice were housed from two to four per cage in a temperature (21 ± 1°C)-and humidity (55 ± 10%)-controlled room with a 12-hour/12-hour light/dark cycle (light on between 08:00 to 20:00). Food and water were available ad libitum. For the immunoblot study, mice were quickly sacrificed by cervical dislocation and brains were immediately removed in order to avoid tissue degradation. For the immunofluorescence study, mice were deeply anesthetized with ketamine/xylazine (100/10 mg kg-1, ip) and then transcardially perfused with cold 4% paraformaldehyde. Animal procedures were carried out in accordance with the ARRIVE Guidelines (Animals in Research: Reporting In Vivo Experiments, Kilkenny et al., 2010) and with the guidelines of the European Communities Directive 86/609/EEC regulating animal research, and were approved by the local ethical committee (CEEA-IMAS-UPF).
Drugs
Δ9-Tetrahydrocannabinol (THC) (THC-Pharm-GmbH, Frankfurt, Germany) was dissolved in 5% tween-80 and physiological saline solution and administered by intraperitoneal (ip) route in a volume of 10 ml kg-1 body weight. The OX1 antagonist SB-334867 (5 mg kg-1) (Tocris, Bristol, United Kingdom) was dissolved in 1% (2hydroxypropyl)-β-cyclodextrin (Sigma-Aldrich) and 10% dimethyl sulfoxide in distilled water. The OX2 antagonist TCS-OX-229 (10 mg kg-1) (Tocris) was dissolved in physiological saline. Both antagonists were administered by ip route in a volume of 5 ml kg-1 30 minutes before THC injection. Doses of orexin receptor antagonists were based on previous studies (Plaza-Zabala et al., 2010; Plaza-Zabala et al., 2012b) .
Experimental design
The observer was blind to treatment in all the experiments. The allocation of animals to the different experimental groups was randomly assessed, as well as the order in which they were treated and evaluated. Effects of THC on locomotion, body temperature and nociception were evaluated in series and in this specified order (n = 10-11 in WT/PPO KO and n = 8-9 in WT/OX1 KO experiments, n = 13-14 in VEH/SB-334867 and n = 11-12 in VEH/TCS-OX2-29 experiments). Independent sets of animals were employed to evaluate anxiogenic-(n = 7-8 in WT/PPO KO and WT/OX1 KO experiments, n = 9-12 in VEH/SB-334867 and VEH/TCS-OX2-29 experiments), anxiolytic-(n = 14-15 in WT/PPO KO and n = 7-8 in WT/OX1 KO experiments, n = 10-12 in VEH/SB-334867 and n = 16-18 in VEH/TCS-OX2-29 experiments) and amnesic-like effects of THC (n = 7-9 in all experiments). Biochemical studies include 6-9 animals per group. A lower number of animals was employed in some experiments with WT/KO mice due to reduced interindividual variability and limited availability.
Locomotor activity
Changes in horizontal locomotor activity after acute THC injection (5 and 10 mg kg-1)
were evaluated by using individual locomotor activity boxes (9 x 20 x 11 cm, Imetronic, Pessac, France) in a low luminosity room, as previously reported (Berrendero et al., 2005) . Mice were placed in the locomotor cages 20 minutes after THC administration, and activity was recorded as the number of horizontal photocell counts for 15 minutes.
Rectal temperature
Rectal temperature before and after acute THC injection (5 and 10 mg kg-1) was measured in each mouse by placing 3 cm of an electronic thermocouple flexible rectal probe (Panlab, Madrid, Spain) in the mice rectum. Data are expressed as the difference between basal temperature and temperature recorded 35 minutes after THC or vehicle injection.
Nociception
The spinal reflex was determined with the tail immersion test, by using water at 50 ± 0.5°C as nociceptive stimulus, immediately after rectal temperature measurement. Mice were maintained in a cylinder and their tails were immersed in the heated water, as previously reported (Berrendero et al., 2005) . The latency to a rapid flick of the tail was taken as the endpoint, with a cutoff latency of 5 seconds to prevent tissue damage. Next, the integrated supraspinal response was tested with the hot plate test in a glass cylinder (16 cm high, 16 cm diameter) used to keep the mice on the heated surface of the plate, which was kept at a temperature of 52 ± 0.5°C (Columbus Instruments, Columbus, OH).
The nociceptive threshold evaluated was the jumping response, with a 240 seconds cutoff (Berrendero et al., 2005) . Data are expressed as percentage of the maximum possible effect (MPE), using the following equation: (MPE %) = (individual latencymean control latency)/(cutoff time -mean control latency) × 100.
Elevated plus maze
The elevated plus maze was used to test the anxiety-like effects induced by acute THC administration. THC effects on anxiety are biphasic, low doses of THC induce anxiolytic-like effects and high doses anxiogenic-like responses (Berrendero and Maldonado, 2002; Valjent et al., 2002) . The apparatus consisted of four arms (16 x 5 cm) set in cross from a neutral central square (5 x 5 cm) (Imetronic). Two opposite arms were delimited by vertical walls (closed arms) and the two other opposite arms had
unprotected edges (open arms), as previously reported (Balerio et al., 2005) . Each mg kg-1. Anxiogenic-like effects were evaluated 5 hours after THC administration at 5 mg kg-1 in order to avoid the hypolocomotor effects induced by this cannabinoid.
Novel object-recognition test
The object-recognition test was used to evaluate the amnesic-like effects of THC, which was performed in a V-shaped maze. Mice were habituated for 9 minutes in the maze.
After 24 hours, mice were put back into the maze for 9 minutes (training) where two identical objects were presented, and the time spent by the mice exploring each object was recorded. 24 hours later mice were again placed in the maze for another 9 minutes (test), one of the familiar objects was replaced by a novel object and the total time spent exploring each of the two objects (novel and familiar) was computed. A discrimination index (DI) was calculated as the difference between the time spent exploring the novel (TN) and the familiar object (TF) divided by the total exploration time: DI= [TN -TF)/(TN + TF)]. A high discrimination index is considered to reflect greater memory retention for the familiar object. OX1 and OX2 antagonists were injected immediately after the training session, 30 minutes before THC (10 mg kg-1).
Immunoblot analysis
To rule out a possible modification of CB1 receptor levels in mice lacking the PPO gene, tissues from different brain regions (hippocampus, striatum, amygdala and hypothalamus) from PPO KO mice and WT littermates were analyzed in basal conditions by immunoblotting. Frozen tissue processing to obtain total solubilized fractions and western blot analysis were performed, as previously described (Ozaita et al., 2007) . The antibodies used for immunoblotting were anti-CB1 (guinea pig, 1:1000, Frontier Science) and anti-GAPDH (mouse, 1:10,000, Santa Cruz Biotechnology).
Bound primary antibodies were detected respectively with horseradish peroxidase- Immunofluorescence studies c-Fos expression studies were performed in several brain areas previously reported to become activated after acute THC administration (Valjent et al., 2002; Allen et al., 2003) . The anatomical coordinates of the mouse brain atlas (Paxinos and Franklin, 2001) were used as a guide to identify the brain regions under study. Tissue preparation and immunofluorescence were performed as previously reported camera Leica DFC 300FX. The images were processed using the ImageJ analysis software. c-Fos positive neurons in each brain area were quantified using the automatic 13 "particle counting" option with a fixed configuration that only detected pixels that matched a certain range of size and circularity. Additionally, a fixed threshold interval was set in order to distinguish the c-Fos positive neurons from the background. Six representative brain sections of each mouse were quantified along the rostro-caudal trajectory of the brain nuclei and the average number of c-Fos positive neurons was calculated for each mouse. The data are expressed as the mean number of c-Fos positive cells per mm 2 in 7-9 mice per each group.
Statistical analysis
Values are expressed as mean ± SEM. Statistical significance was determined by twoway ANOVA for the analysis of behavioural experiments and immunofluorescence studies, using genotype/antagonist pretreatment and treatment as between-subject factors of variation, followed by Newman-Keuls post hoc when ANOVA revealed significant effect (p<0.05). CB1 receptor expression detected by immunoblotting was compared between genotypes by Student's unpaired t-test (two-tailed). All data were analyzed using Statistica (StatSoft) software. P-values < 0.05 were considered to be statistically significant.
Results
Orexins modulate THC-induced hypothermia and supraspinal antinociception through OX2R signalling
The possible orexinergic modulation of the acute effects induced by THC was studied in PPO deficient mice, OX1 KO mice as well as in C57BL6/J mice preteated with the OX1 antagonist SB-334867 (5 mg kg-1) or the OX2 antagonist TCS-OX-229 (10 mg kg-1). Locomotion, temperature and nociception were evaluated in sequence after acute THC injection at 5 and 10 mg kg-1. THC treatment decreased similarly spontaneous locomotor activity in PPO KO and WT mice ( Figure 1A) . PPO KO animals presented lower basal activity levels in comparison with WT mice (p<0.05), as previously reported (Plaza-Zabala et al., 2010) . The decrease in locomotion induced by THC was not modified in OX1 KO and control animals ( Figure 1C ). In agreement with the genetic approach, pretreatment with the antagonists SB-334867 and TCS-OX-229 did not change THC-induced hypolocomotor activity ( Figures 1B and 1D) .
Interestingly, THC-induced hypothermia was modified in PPO KO in comparison with WT mice ( Figure 1E ). Post hoc comparisons showed a significant reduction of the hypothermic effects of THC in these mutant animals (p<0.05) ( Figure 1E ). THCinduced hypothermia remained unaffected by SB-334867 pretreatment ( Figure 1F ), and in OX1 KO mice ( Figure 1G ). In contrast, TCS-OX-229 decreased the effect of THC in body temperature. Post hoc analysis showed that hypothermia was significantly reduced in TCS-OX-229-pretreated mice at the highest dose of THC (p<0.05) ( Figure 1H ), suggesting that orexins modulate the hypothermic effects of THC through the activation of OX2.
In the hot plate test, PPO KO and WT mice showed different antinociceptive responses after THC administration. Thus, THC at 5 and 10 mg kg-1 increased the jumping latency in WT mice (p<0.05), whereas this effect was abolished in PPO KO animals (p<0.05) (Figure 2A ). THC-induced antinociception remained unaltered by SB-334867 pretreatment ( Figure 2B) , and in mice lacking the OX1 ( Figure 1C ). However, TCS-OX-229 administration altered the antinociceptive effects of THC. Post hoc comparisons revealed that THC administration increased the jumping latency in vehiclepretreated mice (p<0.05), and this effect was reduced by TCS-OX-229 pretreatment in mice receiving THC at 5 and 10 mg kg-1 (p<0.05) ( Figure 2D ). Latency times for the jumping response are shown in Figure S1 . The spontaneous latency of this response in the hot-plate test was lower in PPO KO than in WT mice, as shown in Figure S1A . This result suggests a higher sensitivity of PPO deficient mice to painful stimuli under these experimental conditions. In the tail immersion test, THC-induced antinociception remained unaffected in PPO KO mice ( Figure 2E ), and in mice lacking the OX1 ( Figure   2G ). In agreement, the pretreatment with the antagonists SB-334867 ( Figure 2F ) or TCS-OX-229 ( Figure 2H ) did not modify the antinociceptive effects of THC. Latency times for the tail-flick response are shown in Figure S1 . These results suggest that THCinduced supraspinal antinociception is regulated by orexins through OX2 signalling.
THC-induced anxiolytic-like effects, but not anxiogenic-or amnesic-like effects, are modulated by orexins through OXR2 signalling
Low doses of cannabinoids induce anxiolytic-like effects, whereas high doses produce anxiogenic-like responses (Berrendero and Maldonado, 2002; Valjent et al., 2002) . The involvement of orexins in the anxiolytic-and anxiogenic-like effects of THC was studied by using the elevated plus maze. After exposure to an anxiogenic dose of THC (5 mg kg-1), both PPO KO and WT mice spent similarly less time in the open arms than vehicle treated animals ( Figure 3A) . A similar result was found in OX1 KO animals ( Figure 1C ). Moreover, neither OX1 nor OX2 blockade altered the reduction of time spent in the open arms induced by THC at 5 mg kg-1 ( Figures 3B and 3D ). On the contrary, injection of an anxiolytic dose of THC (0.3 mg kg-1) increased the percentage of time spent in the open arms in WT animals (p<0.05), but not in PPO deficient mice (p<0.05) ( Figure 3E ). In addition, the anxiolytic-like effects of THC at 0.3 mg kg-1 were maintained in SB-334867-pretreated animals ( Figure 3F ) and in OX1 KO mice ( Figure 3G ), but not in TCSOX229-pretreated mice ( Figure 3H ). No significant differences in the total number of entries were observed between groups in any of the experiments performed ( Figure S2 ). These data point to an orexinergic modulation of THC-induced anxiolytic-, but not anxiogenic-like effects, through OX2 signalling.
We evaluated the amnesic-like effects of THC in the novel object recognition task, as previously reported (Puighermanal et al., 2009) . THC (10 mg kg-1) after the training session reduced similarly the discrimination index in PPO KO and WT mice ( Figure   4A ). A similar response was observed in OX1 KO animals ( Figure 4C ). THC-induced amnesic-like effects also remained unaffected by SB-334867 and TCS-OX-229 administration ( Figures 4B and 4D) , confirming that under these experimental conditions the orexin system is not involved in this THC pharmacological response. No significant differences in the total time of exploration were observed between groups ( Figure S3 ).
Prepro-orexin knockout and wild-type mice show similar CB1 receptor protein levels
We next evaluated whether the behavioural modifications observed in PPO deficient mice could be a consequence of altered CB1 receptor basal levels in KO animals.
Western blot analysis revealed no differences in CB1 expression levels in the striatum, hippocampus, amygdala and hypothalamus of PPO deficient mice ( Figure 5) . These results suggest that the reduction in THC-induced hypothermic, antinociceptive and anxiolytic-like effects observed in KO mice is not due to a lower expression of CB1 receptors in these mutant animals.
THC-induced c-Fos expression is reduced in the central amygdala, lateral septum and the preoptic area of prepro-orexin knockout mice
Acute administration of THC induces c-Fos expression, a marker of neuronal activity, in several brain regions (Valjent et al., 2002; Allen et al., 2003) . We investigated the possible modulation of this neuronal activation induced by THC (10 mg kg-1) in WT and PPO deficient mice in diverse brain structures. Immunofluorescence analysis showed an increase of c-Fos expression in the shell and core of the nucleus accumbens, dorsal striatum, lateral septum area, paraventricular thalamic nucleus, medial preoptic area, paraventricular hypothalamic nucleus, central amygdala and periaqueductal gray (Table 1 ) ( Figure 6 ) in WT and KO mice. Interestingly, a reduction of c-Fos expression was observed in the central amygdala of PPO deficient mice (p0.05) in comparison with WT animals (Table 1) . Moreover, a similar decrease of c-Fos expression was found in the preoptic area and lateral septum of KO mice, although no significant genotype  treatment interaction was revealed in these two brain areas (Table 1) . These results suggest that the central amygdala, lateral septum and medial preoptic area could be involved in the altered responses induced by THC in PPO deficient mice.
Discussion
This study reveals that orexins modulate THC-induced hypothermia, supraspinal antinociception and anxiolytic-like effects through OX2 signalling. In contrast, these neuropeptides are not involved in the hypolocomotion, spinal antinociception, amnesicand anxiogenic-like effects produced by this cannabinoid. Immunoblot analyses show similar levels of CB1 receptor in WT and PPO KO mice ruling out a possible bias due to different expression of these receptors in mutant animals. Furthermore, THC administration induced c-Fos immunoreactivity in WT and PPO KO mice in several brain areas, and this effect was significantly reduced in the central amygdala, medial preoptic area and lateral septum in mutant mice.
The hypolocomotion induced by THC was not modified in mice lacking the PPO gene.
However, a lower basal locomotor activity was observed in PPO KO mice in comparison with WT animals. This effect is consistent with previous studies (España et al., 2007; Anaclet et al., 2009; Plaza-Zabala et al., 2010) , and suggests that orexins contribute to the maintenance of wakefulness by enhancing locomotion (Anaclet et al., 2009 ). Indeed, the intracerebroventricular administration of orexin-A has been shown to increase arousal and locomotor activity in rats (Hagan et al., 1999; Mang et al., 2012) .
In contrast to the effects observed in locomotion, THC-induced hypothermia was abolished in PPO KO mice. This effect seems to be mediated by OX2 activation since the OX2 antagonist TCS-OX2-29, but not the OX1 antagonist SB-334867, reduced this cannabinoid response. The hypothermic effects of THC were also maintained in OX1 KO mice. Orexins are involved in thermoregulation (Messina et al., 2014) , although hypothermic (Jászberényi et al., 2002) and hyperthermic (Monda et al., 2004; Monda et al., 2007) effects have been described following orexin-A administration. Interestingly, the enhancement in c-Fos expression induced by THC in the medial preoptic area was reduced in PPO KO mice indicating that this hypothalamic region could be important to explain this cannabinoid/orexin interaction. Indeed, the preoptic area is an important thermoregulatory centre (McKinley et al., 2015) containing a dense projection of orexin-positive nerve terminals , and high density of OX2 mRNA (Marcus et al., 2001) . Therefore, our results suggest that cannabinoid exposure could induce the release of orexins in the medial preoptic area. The subsequent activation of OX2 by orexins in this hypothalamic region would be important for the modulation of the hypothermic effects of THC.
The antinociceptive responses induced by THC in the tail-immersion test were not modified in PPO KO and OX1 KO mice or after OX1 or OX2 antagonist pretreatment.
In contrast, THC-induced antinociception in the hot-plate test was reduced in PPO KO animals as well as in TCS-OX-229-pretreated mice. These results suggest that orexins through OX2 signalling are involved in the supraspinal, but not in the spinal antinociceptive effects of THC. Interestingly, the endocannabinoid 2arachidonoylglycerol also participates in the supraspinal antinociception induced by orexin-A (Ho et al., 2011) . Several studies support an important role for orexins in the control of nociception (Chiou et al., 2010) . Thus, orexins induced antinociceptive effects in different assays for thermal, mechanical and chemical stimuli (Mobarakeh et al., 2005) . OX1 activation has been classically implicated in the antinociceptive effects of orexins (Jeong and Holden, 2009; Ho et al., 2011; Heidari-Oranjaghi et al., 2012) , although a role for OX2 has also been recently suggested (Azhdari-Zarmehri et al., 2013) . The central amygdala could participate in the regulation by orexins of THCinduced antinociception since a reduction in c-Fos expression was observed in PPO KO mice following THC administration. This brain area receives ascending nociceptive signals, has efferent projections to areas that are involved in pain modulation, and is 20 crucial in controlling pain threshold and its emotional component (Palazzo et al., 2011) .
Although the expression of OX2 in the central amygdala is low, a recent study has related an increased orexin transmission at OX2 in this brain region with compulsivelike heroin self-administration behaviour (Schmeichel et al., 2015) . Other brain areas could also participate in the modulation of this nociceptive interaction, although no changes of c-Fos expression between WT and PPO KO mice were observed in important regions for pain regulation, such as the periaqueductal grey matter or the nucleus accumbens.
The anxiogenic-like effects of THC were not modified in mice lacking the PPO gene, the OX1 or after pharmacological blockade of OX1 or OX2. However, orexin peptides and particularly OX1 have been involved in anxiety and panic states (Pich and Melotto, 2014) , as well as in the anxiogenic-like effects of other drugs of abuse, such as nicotine (Plaza-Zabala et al., 2010) . In contrast, THC-induced anxiolytic-like effects were abolished in PPO KO animals and in mice pretreated with the OX2 antagonist TCS-OX-229. So far, few studies have evaluated the possible role of OX2 in anxiety. Recently, an interesting study suggests that orexinergic activity in the basolateral amygdala may be responsible for bidirectional modulation of anxious behaviour (Arendt et al., 2014) .
Knocking down the OX2, but not the OX1, in this brain area increased anxiety as measured by reduced social preference and reduced time spent in the center of an open field (Arendt et al., 2014) . These data indicate that OX2 activation in the basolateral amygdala could have the potential to alleviate anxiety. In agreement, our results show that OX2 mediates the anxiolytic-like effects of THC, which could have important therapeutic implications. The role played by orexins in the basolateral amygdala was not evaluated since THC did not induced c-Fos expression in this brain region, as previously reported (Valjent et al., 2002) . Future experiments will be necessary to investigate whether these receptors also participate in the anxiolytic-like effects of endocannabinoids (Busquets-García et al., 2011) and the brain areas responsible for this interaction.
The amnesic-like effects induced by THC in the object recognition test were not mediated by orexins. These hypothalamic neuropeptides facilitate memory processing since they are critically involved in hippocampus-dependent social recognition memory (Yang et al., 2013) , emotional memories (Sears et al., 2013; Soya et al., 2013; Flores et al., 2014b) , and improvement of cognitive performance in sleep-deprived nonhuman primates (Deadwyler et al., 2007) . The detrimental effects of THC on learning and memory could be aggravated in mice lacking the PPO gene, although we did not observe this effect probably due to a ceiling effect in the object recognition test.
In conclusion, this study reveals a novel role for orexins and OX2 in specific acute pharmacological effects of THC, providing interesting data of the interaction between orexins and cannabinoids. The activation of OX1 and OX2 modulates the effects induced by cannabinoids in a different way. Therefore, the blockade of OX1 could abolish the reinforcing properties of cannabinoids (Flores et al., 2014a) without affecting other pharmacological responses of these compounds. 
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